Rationale: Research evaluating acute respiratory failure (ARF) survivors' outcomes after hospital discharge has substantial heterogeneity in terms of the measurement instruments used, creating barriers to synthesizing study data.
The NHLBI, along with the American Thoracic Society, the Society of Critical Care Medicine, and the Multisociety Task Force for Critical Care Research, recommends giving priority to research evaluating the outcomes of intensive care unit (ICU) survivors after hospital discharge (1) (2) (3) (4) (5) (6) (7) . Consistent with such recommendations, researchers in a growing number of studies are evaluating ICU survivors' outcomes after discharge, with more than 300 original research articles published since 2000 (8) . This rapid growth in research publications has made comparing, synthesizing, and interpreting these results increasingly challenging (9, 10) , with a recent scoping review demonstrating the use of 250 unique measurement instruments across 425 publications in the field (8) .
One relatively new methodological approach to addressing this issue is the creation of a Core Outcome Set along with an accompanying set of core measurement instruments. A Core Outcome Set is a minimum collection of outcomes reported in all studies within a specific field (11, 12) . Importantly, this approach does not prevent researchers from evaluating additional outcomes; however, it serves as the minimum standard to ensure that essential outcomes within a given field are consistently assessed using the same measurement instruments in all studies. This consistency facilitates comparisons and meta-analyses and may prevent bias resulting from selective outcome reporting (13, 14) . After identifying essential outcomes for evaluation in all studies in a Core Outcome Set project, relevant stakeholders participate in a systematic and deliberate process to identify measurement instruments that (1) evaluate these essential outcomes, (2) have suitable measurement properties, and (3) are feasible for use. In this article, we refer to the resulting list of measurement instruments as a Core Outcome Measurement Set.
There are currently no other Core Outcome Measurement Set projects for acute respiratory failure (ARF) survivorship research registered with the Core Outcome Measures in Effectiveness Trials (COMET) Initiative (www.cometinitiative.org). Hence, our objective was to develop a Core Outcome Measurement Set for clinical research aimed at evaluating patient outcomes after hospital discharge among survivors of ARF, including acute respiratory distress syndrome, using a rigorous consensus methodology and an international panel of relevant stakeholders.
Methods
We conducted a three-round modified Delphi consensus process to identify a minimum set of measurement instruments for assessing a recommended Core Outcome Set (15) . Core outcomes are defined as patient outcomes, health-related conditions, or aspects of health that are essential to evaluate in all studies within a specific clinical field (12) . The following eight core outcomes for ARF survivors are recommended (15) : survival, physical function, mental health, pulmonary function, pain, muscle and/or nerve function, cognition, and satisfaction with life or "personal enjoyment" (the term used to represent the concept of "health-related quality of life" when originally establishing the Core Outcome Set for ARF survivors [15] ). The first seven outcomes in the preceding list met a priori consensus criteria for inclusion in the Core Outcome Set (15) , whereas "satisfaction with life or personal enjoyment" represented an eighth recommended core outcome because it was very close to reaching the a priori consensus threshold for inclusion in the Core Outcome Set (i.e., the threshold for inclusion was 70%, and this outcome achieved 69% [15] ) and because there was strong and consistent support for its inclusion based on our prior pilot work conducted in preparation for this Delphi process (16) and in prior meetings of three different expert groups (2-4). The survival outcome was deemed not to need a consensus-based process for selecting a relevant measurement instrument and was not included in the present consensus process. Hence, panel members voted on measurement instruments for a total of seven outcomes.
The modified Delphi consensus methodology uses expert opinion to address questions for which empirical data are unavailable or inadequate (15) . This method, used extensively in Core Outcome Set-related projects (17) , involves participants' completing serial Internetbased surveys, referred to as rounds, related to the study question. Essential aspects of the Delphi approach include (1) recruiting a panel of informed, expert participants; (2) maintaining the anonymity of participants to ensure that voting occurs without intimidation or powerful participants disproportionately influencing results; and (3) providing a summary of voting results after each round so that each participant can compare his or her responses with those of the other participants before voting in the subsequent round. We report this research in accordance with current recommendations for creating core outcome sets via the Delphi process (12, 18 To enroll representatives of clinicians as well as patients and caregivers, we recruited from the top four English-speaking countries in a scoping review of ICU survivorship research: the United States, the United Kingdom, Australia, and Canada (8) . Details regarding this recruitment process have been reported previously (15) , with invitation e-mails being sent that explained that survey completion would serve as informed consent. The Qualtrics (Provo, UT) online survey platform was used to collect demographic information about panel members, and DelphiManager software (COMET Initiative, Liverpool, UK) was customized for use in this project. The institutional review board of Johns Hopkins University approved this study.
Generating a Preliminary List of Outcome Measures
To prepare a preliminary list of outcome measures for the first Delphi round, we selected up to five of the most commonly used instruments by referring to a scoping review conducted for this Delphi process (8) and for six of the recommended core outcomes (15) (no measures for the "pain" core outcome were reported in the scoping review [8] ). Standardized "measure cards" written in nontechnical language (available from www.improvelto.com/instruments) were created for each outcome measure included in this preliminary list. These cards were carefully developed, pilot tested, and iteratively revised using input from clinicians, patients, and caregivers who were not members of the Delphi panel. Measure cards included information such as number of survey items, estimated time needed to complete, administration mode (e.g., patient or proxy or both), scoring information, need for specialized training for administration or scoring, licensing or purchasing information, cost, required equipment, number of times used in prior ICU survivorship research (8) , and published measurement properties (e.g., validity, reliability) in ICU survivors. The Consensus-based Standards for the selection of health Measurement Instruments checklist was used to rate a study's evaluation of measurement properties (19) . Panel members were also provided with easy-to-understand descriptions of the measurement properties described on the measure cards. When available, the measure card included hyperlinks to online examples of instruments or videos demonstrating performance of tests.
Modified Delphi Methodology
Before starting each round of the Delphi process, participants were reminded of the goal of the consensus project (i.e., use for clinical research after hospital discharge of ARF survivors), the definition of a Core Outcome Measurement Set, and the a priori criteria for consensus (see below). Panel member support for each outcome measure was rated using the Grading of Recommendations Assessment, Development and Evaluation (or "GRADE") scale (20) , which is a 9-point scale commonly divided into three categories for Core Outcome Set-related projects: Not Important (score, 1-3), Important but Not Critical (score, 4-6), and Critical (score, 7-9). In addition, panel members were provided with an "Unable to Score" response option and were instructed to use this response if they did not feel comfortable rating specific measures. Consensus for an instrument to be a part of the Core Outcome Measurement Set, was defined a priori as at least 70% of all respondents rating the measure as "Critical" (i.e., score of >7) and less than or equal to 15% of respondents rating the measure as "Not Important" (i.e., score of <3). This consensus definition, which has been used in other Delphi studies (21) (22) (23) , ensured that a measure could not achieve consensus if a minority stakeholder group (i.e., patients/caregivers or clinicians) commonly rated it as "Not Important." Anonymity of panel members was maintained throughout the three-round Delphi process, which commenced on May 2, 2016, and finished on October 10, 2016.
Round 1. Prior to voting, participants were asked to review: (1) measure cards (as described above) for each measurement instrument, (2) a scoping review on ICU survivorship research and related measurement instruments (8) , and (3) descriptions of psychometric measurement properties. Panel members rated the importance of each of 38 preliminary outcome measures for 6 recommended core outcomes, and they suggested measures for the "Pain" core outcome. Panel members were explicitly asked to consider the appropriateness (i.e., measurement properties) and feasibility (i.e., ease of use, cost, and other requirements) of the measurement instrument in their voting. The survey solicited suggestions for other potential measures missing from the preliminary list provided.
Round 2. The same documents provided in round 1 were provided in round 2 along with relevant panel member comments from round 1 and measure cards for new measures suggested during round 1. Using feedback from round 1, we revised the name of the cognitive subdomain of "Intelligence" to "Intelligence/Cognitive Screening" in response to suggestions regarding more explicit inclusion of general cognitive screening instruments. Panel members were provided tables that displayed the percentage of panel members who rated each measure as either "Not Critical" or "Critical" for inclusion, aggregated across all round 1 participants as well as stratified by stakeholder group. Participants were shown their own round 1 score, the percentage distribution of votes for each score across the 9-point scale, and the number of panel members who scored the outcome.
Round 3. The documents (excluding the scoping review [8] ) and the scoring results and comments, as previously described for round 2, were provided in round 3. The survey asked participants to rerate outcome measures that had not met consensus criteria for inclusion or exclusion. Pain measures suggested during round 1 had been rated only once; therefore, all were included for a second round of rating in round 3.
Statistical Reporting
Response rates were defined as the proportion of recruited panel members who completed each survey. Survey responses were summarized with descriptive statistics using SAS version 9.4 software (2013; SAS Institute, Cary, NC).
Results
The expert panel included a total of 77 representatives from the four stakeholder groups, comprised of 35 (45%) clinical researchers, 19 (25%) clinicians and representatives of clinician professional associations, 19 (25%) patients/caregivers, and 4 (5%) representatives of U.S. federal research funding organizations (Table 1 ; see also Table E1 in the online supplement). There were 42 (55%) panel members from outside the United States, and 36 (47%) participants were female. The median professional experience level (excluding the patient and caregiver group) was 14.5 years (interquartile range, 9-21).
Across Table 1 ). In round 1, of the 75 unique panel members, 73 (97%) responded (Figure 1 ). Among the 38 outcome measures provided, none met consensus criteria for inclusion in the Core Outcome Measurement Set (Table E2 ). All measures were retained for voting during round 2. Panel members suggested 37 additional measures for consideration. In round 2, 68 (91%) of the 75 unique panel members responded (Figure 1 ). Of 75 outcome measures evaluated, a total of 50 measures met exclusion criteria, with no measure remaining for the "Pulmonary Function" core outcome (Table E3 ). In round 3, 72 (96%) of the 75 unique panel members responded (Figure 1 ). Among the remaining 22 outcome measures rated in round 3, a total of 13 measures met exclusion criteria, and 6 measures did not meet inclusion or exclusion criteria in the "Physical Function," "Muscle and/or Nerve Function," and "Cognition" core outcomes (Table E4) . A list of all measurement instruments considered in this Delphi process, including the final inclusion/exclusion status for the Core Outcome Measurement Set, is provided in Table E5 .
Results of the consensus process and related recommendations are provided in Table 2 . For the "Mental Health" core outcome, two measures reached consensus: Hospital Anxiety and Depression Scale (with separate subscales for anxiety and depression symptoms) and Impact of Events Scale-Revised (evaluating posttraumatic stress disorder symptoms). These instruments have commonly been used in critical care clinical research, with some evaluation of their measurement properties (8, 19, (24) (25) (26) (27) (28) and recent recommendations for their use in clinical practice (29) . For the "Pain" core outcome, panel members suggested eight existing instruments. By a large margin, consensus was reached for use of the single "Pain" question within the EQ-5D for the Core Outcome Measurement Set; however, further evaluation of the measurement properties of this item (vs. other pain-specific instruments, including a visual analogue scale, as recommended by an expert group [29] ) is recommended as part of a future research agenda (Figure 2 ). For the recommended core outcome of "Satisfaction with Life and Personal Enjoyment," the EQ-5D generic health-related quality of life instruments reached consensus early, followed by the Of 76 experts invited, 2 patients/caregivers declined to participate, and one was replaced. Of 75 participants, there was a nonresponse from 1 clinical researcher and 1 patient/caregiver in round 1; 2 clinical researchers and 5 patients/caregivers in round 2, and 3 patients/caregivers in round 3. Consensus criteria for including a measure in the Core Outcome Measurement Set: >70% of responses rate the measure "Critical" (i.e., score > 7) and <15% of responses rate the measure "Not Important" (i.e., score < 3). 3 Consensus criteria for excluding from the Core Outcome Measurement Set: .15% of responses rated the measure "Not Important" (i.e., score < 3). We strongly suggest, at a minimum, collecting date and location (e.g., home, hospital, or hospice) of death.
x We recommend using the newer EQ-5D-5L instrument, which has five levels of responses for each question, rather than the EQ-5D-3L, which has three levels of responses. Licensing fees, as determined by the EuroQol Executive Office, are usually free of charge for academic research.
k If research funding does not permit use of the SF-36 version 2, researchers may consider use of the freely available RAND 36-item Health Survey 1.0 questionnaire (RAND SF-36 v1). The RAND SF-36 v1 is similar to the SF-36 version 2 and is available free of charge. Its differences from the SF-36 version 2 are described elsewhere (37) . ¶
The Impact of Event Scale-Revised assesses post-traumatic stress disorder symptoms. Users must contact the Impact of Event Scale-Revised creator to register use. **There was no consensus on measurement instruments to include for these outcomes. However, if in-person assessments are part of a research protocol, the following tests for evaluating these core outcomes received the highest scores from the panel: Physical Function (6-min-walk test [50% agreed this was "Critical" for inclusion]), Muscle and/or Nerve Function (manual muscle test [49% agreed this was "Critical" for inclusion] and handgrip strength [46% agreed this was "Critical" for inclusion]), and Pulmonary Function (panel voted to exclude all tests that were considered [e.g., spirometry, St. George's Respiratory Questionnaire]).
36-item Short Form Health Survey (SF-36)
in the last Delphi round. Both of these instruments are commonly used in critical care clinical research and have been recommended previously (2, 29, 30) . Although little comparative evaluation of different versions of these instruments has been performed within critical care (8, 19) , the most recent versions (i.e., EQ-5D fivelevel version and SF-36 version 2) are recommended. To ensure comparability between future studies in the field, the EQ-5D five-level version is specifically recommended for all studies; and for investigators wanting more comprehensive assessment, the SF-36 version 2 can be added, as was done in prior research (31) .
Discussion
This three-round modified Delphi consensus process with an international panel of stakeholders representing clinical researchers from more than 16 countries across 6 continents, clinicians, patient/caregivers, and U.S. federal research funding organizations results in recommendation of a Core Outcome Measurement Set for clinical research evaluating postdischarge outcomes of ARF survivors. By referring to a preestablished set of recommended core outcomes, the panel considered a preliminary list of 38 outcome measures, suggested 37 additional measures, and ultimately reached the a priori consensus criteria for 4 measures of 3 core outcomes, with additional measures and issues identified for consideration and for future research in the field. Participation and retention of panel members were excellent throughout the Delphi process.
For the "Cognition" core outcome, no instrument reached the a priori threshold for consensus. However, the instrument with the highest rating (with 55% rating it as "Critical" for inclusion) was the free-ofcharge Montreal Cognitive Assessment (MoCA), which has not previously been used in critical care studies (8) . Importantly, the commonly used Mini Mental State Examination instrument requires payment of a licensing fee and recently has been empirically demonstrated to be a poor cognitive screening instrument in ARF survivors (32) . The MoCA is already being used in at least one large, multicentered, randomized trial (33) . Evaluation of the measurement properties of the MoCA is a high priority, given that cognition is a core outcome, that this instrument is already being used in clinical research in ARF survivors, and that no other instrument achieved sufficient support for inclusion (Figure 2) . Acceptable combinations of instruments within the Core Outcome Measurement Set are summarized in Table 2 . The minimum acceptable Core Outcome Measurement Set (Table 2) respectively. Instrument-specific information, including detailed licensing information, is freely available from the project's website (www.improvelto.com/instruments). Notably, the three core outcomes that are commonly evaluated using performancebased tests (physical function, muscle and/or nerve function, and pulmonary function) did not achieve consensus for inclusion of a measurement instrument as part of the Core Outcome Measurement Set. In their qualitative feedback, panel members raised important concerns about the feasibility of performance-based tests as part of a mandatory Core Outcome Measurement Set, given the need for in-person assessment and the added administrator skill, cost, and time required. Existing data on ARF survivors clearly demonstrate that performance-based tests and patient-reported outcome measures (i.e., surveys) measure distinct aspects of patient outcomes (9, 34, 35) . Hence, investigators should not presume that survey-based measures will yield findings similar to performance-based tests for these three core outcomes. Within the "Physical Functioning" core outcome, the 6-minutewalk test clearly had the highest rating in round 3, with 50% of respondents rating it "Critical" for inclusion in the Core Outcome Measurement Set (Table E4) . Notably, this test was recently demonstrated as valid and responsive in ARF survivors (36) , is the most commonly used method for assessing physical activity limitations in ARF research (8) , and has been recommended by an expert group for clinical evaluation of ICU survivors after hospital discharge (29) . For the "Muscle and/or Nerve Function" core outcome, two performance-based tests of muscle strength (handgrip dynamometry and manual muscle testing) reached round 3 with similar voting results (46% and 49%, respectively, rated as "Critical"). Empirical research comparing the measurement properties and the feasibility of these two tests is important (Figure 2) . Finally, in terms of the "Pulmonary Function" core outcome, all tests and surveys evaluated in the Delphi process met exclusion criteria for the Core Outcome Measurement Set. Evaluation of new or existing instruments for this core outcome is an important area for future research (Figure 2) . This study has potential limitations. Given the nature of this expert consensus process, its results may be anchored in the use of instruments that traditionally have been used in prior research. Moreover, rigorous evaluation of the measurement properties of many instruments is lacking (19) , which makes recommendations less certain. Furthermore, there may be overlap in the content of the Core Outcome Measurement Set instruments, leading to potential redundancy or inefficiency. As such, all Core Outcome Measurement Sets require revision and/or updating over time for several reasons, including (1) expanded use of item response theory and computer adaptive testing instruments (e.g., National Institutes of Health PatientReported Outcomes Measurement Information System initiative [9] ); (2) new evaluations of the measurement properties of existing and newly developed instruments for ARF survivors; and (3) evaluation of the appropriateness of the Core Outcome Measurement Set for non-English-speaking patient populations, including consideration of language and cultural validations of the instruments. This study could not address issues that are relevant to the field but outside the scope of this project, such as recommendations for standardized timing of administration of these instruments after hospital discharge or how these research data are analyzed (see relevant resources for data analysis available from: www.improvelto.com/statstools). Finally, alternative compositions of panel members (e.g., inclusion of nonclinician methodologists or exclusion or reduction of patient/caregiver representation in light of the psychometric and clinically oriented information considered in selecting outcome measures) may have yielded different results when selecting the Core Outcome Measurement Set. Despite these limitations, this project takes a vital step toward standardizing the use of measurement instruments to achieve greater comparability and reduced reporting bias in clinical research evaluating the outcomes of ARF survivors after hospital discharge.
In conclusion, research evaluating the outcomes of ARF survivors after hospital discharge has grown rapidly, with few deliberate efforts made to standardize the outcomes assessed or the measurement instruments used. Using a rigorous, modified Delphi process, an international panel of clinical researchers, clinicians, patients/caregivers, and U.S. federal research funding organization members reached consensus on the following measures for clinical research evaluating postdischarge outcomes of ARF survivors: (1) the EQ-5D (optional addition of SF-36 version 2), (2) the Hospital Anxiety and Depression Scale, and (3) the Impact of Events Scale-Revised. Investigators may also consider using the MoCA for evaluating the "Cognition" core outcome, even though it did not reach the threshold for consensus. These instruments are recommended for use in all future studies in which researchers elect to evaluate postdischarge outcomes of ARF survivors. This Core Outcome Measurement Set will need to be reevaluated as additional data on new and existing measurement instruments emerge, especially for the core outcomes (i.e., Cognition, Muscle and Nerve Function, Physical Function, and Pulmonary Function) for which there was no consensus regarding appropriate measures. n Author disclosures are available with the text of this article at www.atsjournals.org.
